Abstract: In a river, the flow directly affects the physical and chemical properties of its water, with further consequences for aquatic biota. Land use practices and vegetation cover play a significant role in the water cycle. The wide-spread perception of forest cover, in terms of hydrology is that forests may reduce water runoff: although in rare instances the contrary has been reported. Water runoff varies seasonally and depends on the forest tree species. By no means can it be considered constant over large expanses of area or for various rainfall patterns. In this paper, the results of a long-term hydrological survey conducted in two experimental microbasins (operated by the Institute of Hydrology SAS, IH SAS) with different land use practices are presented. The Rybárik microbasin (0.119 km 2 ) is dominated by row crop production. The basin was 70% cultivated by the state farm and 30% by a private farm. The Lesný microbasin (0.086 km 2 ) is covered by a deciduous hornbeam regrowth forest (Carpinus betulus). The analysis revealed that the difference in the runoff from the forest and the agricultural land increases with increasing precipitation; however, at some point (extreme precipitations with low probability) the runoff from these basins is nearly equal.
Introduction
In order to study the effects of forestation on runoff processes, many experimental microbasins have been established worldwide. Among the first experimental microbasins were the Hubbard Brook and Coweeta, USA, established in 1934 (Johnson et al. 2000; Magill et al. 2004; Likens et al. 2005) . In Europe, microbasins used for studying hydrological phenomena at small-scale are: Lange Bramke (Germany); Bazenishki dol (Bulgaria), where the monitoring started as early as 1965; Birkenes (Norway), with initial observations made in 1972; the experimental microcatchments located near Valdai Lake, Russia, established in 1960; the Gardsjon catchment (Sweden); and Plynlimon in Wales, UK (Rafailov & Rafailova 2005; Lenhart et al. 2003; Lepistö et al. 2006; Gelfan et al. 2004 ). The Czech Geological Institute evaluated the results of biochemical monitoring campaigns conducted in 44 catchments in the former Czechoslovakia. Eleven catchments were located in Slovakia, and 33 in the Czech Republic (Moldan & Černý 1994; Fottová 2003; Hruška & Krám 2003; Fišák et al. 2006; Holko & Kostka 2006; Hlavčová 1993; Komorníková et al. 2008; Demeterová & Škoda 2009) . One of these experimental basins in Slovakia is the Mošteník basin, located near the town of Považská Bystrica (Pekárová et al. 2005) .
This paper presents some of the results obtained from long-term hydrological observations conducted in two experimental sub-basins within the Mošteník basin; notably the Rybárik -an arable basin (0.119 km 2 ), and the Lesný forested basin (deciduous -hornbeam) (0.086 km 2 ), Fig. 1 . The aim of this paper is to determine the impact of land use practices on the stream flow regime in terms of mean annual runoff, monthly runoff, daily runoff, and extreme runoff in the vegetation and non-vegetation periods in two sub-basins with similar drainage areas and precipitation patterns, yet with a different vegetation cover (forest -row crop production).
Study area, data collection and methods
The experimental basins of the Mošteník brook were established in 1958 and maintained by IH SAS and are the first experimental basins in Slovakia (Pekárová et al. 2005; Sebíň et al. 2007) . The Mošteník basin is situated near the town of Považská Bystrica in the Púchov highlands, and is representative of the hilly geographical conditions of Slovakia. The Mošteník brook drains an area of 17.2 km 2 . The Mošteník basin is divided into 8 sub-basins with surface areas ranging from 0.0864 to 12.61 km 2 .
The stream flow regime and the water balance in the two experimental microbasins were analyzed using daily The geological conditions in the arable-Rybárik and forested-Lesný microbasins are characterized by flysch substrates. Hydrogeological survey of the area was performed in 1973. A soil profile up to the 2.1 m deep and 0.5 m topsoil is formed by light brown loam. At a depth of 2.1-3.0 m fine gravel is located with disintegrating small boulders of carbonates, quartz and sandstone with 3 to 5 cm of the diameter, mixed with a fine grained sand. At a depth of 3 to 6 m, there is sandy gravel with occasional sandstone boulders up to 15 cm in size. Single boulders with sizes larger then 20-25 cm can also be found. A relatively impermeable subsurface is found at an average depth of 6 m under the surface.
The experimental data were subject to common statistical processing -focused on time series analysis, flood frequency analysis, spectral analysis -using special software packages developed for hydrological applications, e.g. IHA (Indicators of Hydrologic Alteration) software (Nature Conservancy 2007), DVWK (DVWK 1999) , and PeakFQ software (Flynn et al. 2006) .
Results of the water balance
Some basic annual runoff characteristics of the experimental microbasins (for the period 1964/65-1993/94) are summarized in Table 1 . The long-term mean annual runoff was 237.2 mm in the arable-Rybárik microbasin and 163.4 mm in the forested-Lesný microbasin. Also, the long term annual runoff from the agricultural basin was 45% higher.
Influence of the vegetation cover on mean annual and seasonal stream flow regime The dependence of the runoff (R) on the precipitation (P) in the two experimental microbasins is well illustrated in Fig. 3a . The relation between precipitation and the runoff depth in mm can be described empirically as:
Similar magnitudes of precipitation events caused differences in the runoff from the agricultural basin and the forested basin; e.g. precipitation of about 500 mm generated a difference in the runoff by ∼50 mm in favor of the agricultural basin -whereas 900 mm rainfall caused the runoff from the agricultural basin to shift toward higher values (100 mm).
Using the winter-spring (November-March, nonvegetation season) and summer-fall (April-October, vegetation season) values, the relation between the runoff and the precipitation was analyzed for the veg- etation season and non-vegetation season. The dependence on precipitation plotted in Fig. 2a suggests that the forest influenced runoff, with increases observed in the non-vegetation season. In the vegetation season of "wet" years, more runoff was observed in the agricultural basin. In dry summers, the hornbeam forest consumed more water by its vegetation and reduced the basin runoff. More evident results were achieved by analyzing the monthly values of observations.
Influence of the vegetation cover on the mean monthly runoff regime
To evaluate the effect of forestation on the long-term mean monthly runoff R and water storage S regime, the long-term mean monthly runoff, precipitation and evapotranspiration were considered (period 1964 (period /65-1993 ). The long-term monthly water balance provided evidence that the Rybárik agricultural microbasin had 40% less catchment retention capacity S. The elevated runoff was observed in the months of July through March, when the runoff is significantly greater than that from the forested-Lesný microbasin.
Influence of the vegetation cover on the mean daily runoff regime There was a marked influence of vegetation cover on daily runoff. Fig. 3a shows that the runoff was more extreme in the arable basin. A comparison of the mean daily specific discharges (qd ) of the forested-Lesný and arable-Rybárik microbasins was made using frequency analysis -IHA software (Nature Conservancy 2007). The FI (flashiness index) according to Baker et al. (2004) and the BFI (base flow index) were calculated as well (Table 1 ). In the case of the Rybárik basin, the FI index was high and the BFI index yielded low values. Figure 3b illustrates the comparison of the empirical frequency curves of the mean daily specific discharges (qd ) for both microbasins. It is obvious that the differences between the specific discharges from the two basins were smaller during flood events with low probabilities (p < 0.05), whereas in the case of extreme precipitation event (about 100 mm/1 hour), the differences were less significant. Rybárik (1964 Rybárik ( -2006 and Lesný (1964 Lesný ( -1995 Lesný ( , 2005 Lesný ( -2006 microbasins (log-Pearson type III. distribution, 5 and 95% confidence limits).
Influence of the vegetation cover on the annual maximum specific discharges (q max ) Generally, during extreme summer rainfalls the effect of vegetation cover on the flood wave peak was pronounced (Fig. 4a) . However, during the snowmelt on March 29, 2006, the peak flow in the forested Lesný basin was higher (Fig. 4b) than that from the agricultural basin due to rainfall event on March, 29.
To compare the extreme runoff conditions in the arable-Rybárik and forested-Lesný microbasins, a frequency analysis of the maximum annual specific discharge series qmax was conducted (DVWK 1999) . The log-Pearson type III. distribution was chosen as the best distribution function for the qmax in the arable-Rybárik and the forested-Lesný basin (Fig. 4c) . The uncertainty of estimation was determined by 5% and 95% confidence limits.
The extreme runoff from the agricultural microbasin arable-Rybárik was considerably higher, e.g. the 50-year maximum specific discharge was 4 times higher in comparison with the estimated maximum specific discharge in the microbasin forested-Lesný.
Over the 42 year period, the greatest total daily precipitation measured in the arable-Rybárik basin was 59.6 mm (15.8.1966 ). There was no extreme precipitation event observed which would be close to the 100-year maximum daily precipitation total (110 mm) in this region. This makes it difficult to asses the runoff resulting from an extreme precipitation event. The evidence from other small catchments reveals that the vegetation cover did not attenuate the flood wave peak and the runoff from precipitation totals of 100 mm per hour.
From the comparison of the hydrological regime and water balance in the analyzed microbasins situated in similar geological, orographical and climatic conditions, the following conclusions can be made:
-the catchment forestation may reduce the annual runoff by ∼30 %; -the difference of seasonal runoff was significantly higher in the non-vegetation season when the soil in the agricultural basin is bare, -during April to June the runoff conditions in both basins are similar and the discharges were comparable, -in dry summers the hornbeam forest consumed the water for its vegetation and reduces the basin runoff, -in the case of extreme runoff conditions, deforestation can cause an enormous increase in runoff (e.g. the 50-year maximum specific discharge was 4 times higher in the arable-Rybárik microbasin in compari-son to the estimated maximum specific discharge in the forested-Lesný microbasin ).
As for the water balance, the water storage was greater in the afforested catchments, but the amount of water was used by forest growth and thus remained inaccessible.
Unfortunately, during the 42 years of observations, no extreme precipitation events were measured in the microbasins, which makes it particularly difficult to asses how the forested-Lesný basin would response to extreme precipitation events above 100 mm per hour.
